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Background The economic impact of the 9/11 terrorist attacks has rarely been studied.
We examined the association between 9/11-related chronic health conditions with or
without post-traumatic stress disorder (PTSD) and one important aspect of the economic
impact, retirement, and job loss before age 60.
Methods A total of 7,662 workers who participated in the World Trade Center Health
Registry surveys were studied. Logistic regression models examined the association of 9/
11-related health and labor force exit.
Results Workers with chronic conditions were more likely to experience early retirement
and job loss, and the association was stronger in the presence of PTSD comorbidity: the
odds ratios for reporting early retirement or job loss were increased considerably when
chronic conditions were comorbid with PTSD.
Conclusions Disaster-related health burden directly impacts premature labor force exit
and income. Future evaluation of disaster outcome should include its long-term impact on
labor force. Am. J. Ind. Med. 59:731–741, 2016.  2016 Wiley Periodicals, Inc.
KEY WORDS: 9/11 health impact; post-traumatic stress disorder; comorbidity; early
retirement; job loss; economic impact; disaster; employment
INTRODUCTION
The World Trade Center (WTC) September 11, 2001
attacks caused nearly 2,800 immediate deaths as well as
short- and long-term health problems in those who survived.
Severe respiratory effects such as asthma, and anxiety
disorders including post-traumatic stress disorder (PTSD)
were reported by many investigators shortly after the attacks,
while longer-term observations of a multitude of chronic
physical and mental health conditions such as cardiovascular
disease and cancer continue to be reported [Brackbill et al.,
2009; Jordan et al., 2013; Boffetta et al., 2016].
The attacks also created economic distress for individu-
als, their families, andNewYorkCity (NYC) and the nation as
a whole, but these consequences have been less well
described. Studies of the economic impact of 9/11 have
largely been at the macro rather than individual level. It has
been noted, for example, that aggregate NYC earnings losses
of $2.8 billion in the first 3 months [Dolfman and Wasser,
2004] and $3.6–$6.4 billion in the 9 months following the
attackswere estimated forNYC industries [Bram et al., 2002],
while macroeconomic analyses at the national level noted a
general return of employment and consumer confidence in the
short-term [Makinen, 2002; Roberts, 2009]. One study found
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that 47% of accidental disability retirements among NYC
firefighters during the 7 years after 9/11 were for 9/11-related
injuries or illnesses [Niles et al., 2011]. However, other than
this study, little is known of the longer-term economic impact
among the estimated 400,000 persons directly exposed to the
collapse of the buildings and subsequent cleanup activities.
For individuals of working age, employment status is
one key indicator of their socioeconomic standing and an
important aspect of quality of life, and can be significantly
compromised due to impaired functionality resulting from
poor health. In a systematic review of the impact of poor
health on labor force exit, van Rijn and colleagues found that
self-perceived poor health was a risk factor for leaving paid
employment through disability pension, unemployment, and
early retirement [van Rijn et al., 2014]. Similar associations
between self-perceived poor health and early retirement or
unemployment were found in studies conducted in multiple
European countries, Australia, and the United States as well
[Dwyer and Mitchell, 1999; Mein et al., 2000; Karpansalo
et al., 2004; Schuring et al., 2007; Alavinia and Burdorf,
2008; Pit et al., 2010; van den Berg et al., 2010; Rice et al.,
2011; van Rijn et al., 2014]. Premature labor force exit has
been associated with a variety of health conditions or
symptoms. In the general population and in cancer survivors,
suffering from depression, anxiety, or general mental health
disorder has been associated with increased odds of early
retirement, unemployment, or both [Haahr et al., 2007;
Alavinia and Burdorf, 2008; Jokela et al., 2010; Pit et al.,
2010; Rice et al., 2011; Olesen et al., 2012; Lindbohm et al.,
2014; Singer et al., 2014]. Significant associations between
respiratory, cardiovascular, musculoskeletal diseases, cancer
and other chronic diseases, and early retirement were also
found in different country settings [Haahr et al., 2007;
Alavinia and Burdorf, 2008; Pit et al., 2010; Rice et al., 2011;
Lindbohm et al., 2014; Singer et al., 2014].
In this study, we focused on retirement and job loss
before age 60 for non-uniformed workers, one important
aspect of the long-term economic impact of 9/11. We used
longitudinal data collected by the WTC Health Registry.
Rescue/recovery workers who reported that they were
employed by the NYC Fire Department, Police Department,
Department of Sanitation, or Department of Correction were
excluded because uniformed workers from these Agencies
are eligible for retirement benefits that allow them to retire
with a pension based on 50%of final salary after certain years
of service (required number of years in service ranges from
20 to 25 depending on the Agency rules) [Holloran and
Castet, 2014; Nigro, 2015; NYCER, 2016]. In addition,
uniformed workers are frequently eligible for accidental
disability retirement through “World Trade Center Disability
Law” enacted in 2006 by the New York State legislature
(Chapter 445 of NYSLaws for 2006) with a pension based on
75% of final salary and is not federally taxable [Abbate,
2006], which was not available to other 9/11 rescue/recovery
workers. Presumably, retirement pension options available
to uniformed workers would influence their decision to retire
early and differentiate them from the non-uniformed workers
in our analysis.
Given the high prevalence of PTSD and comorbidity of
PTSDwith other chronic conditions among the 9/11 exposed
population [Stellman et al., 2008; Brackbill et al., 2009; Chiu
et al., 2011; Perlman et al., 2011; Nair et al., 2012; Friedman
et al., 2013; Caramanica et al., 2014; Bromet et al., 2016], we
hypothesized that early retirement and health-related job loss
would be associated with 9/11-related chronic health
problems, and that such associations would be greater in
the presence of comorbid PTSD. The overall objective was to
determine the long-term impact of 9/11 disaster-related
health problems on labor force exit among exposed rescue
and recovery workers. We further assessed the relationship
between poor health and income drop among workers who
experienced premature labor force exit.
MATERIALS AND METHODS
We studied relationships between 9/11 health problems
experienced by rescue and recovery workers and two distinct
modes of premature labor force exit, namely, early
retirement and health-related job loss.
Study Population
The WTC Health Registry was established in 2002 to
monitor the long-term health impact of the September 11,
2001 terrorist attack on theWorld Trade Center in NewYork
City. In 2003–2004, the Registry conducted a health survey
(Wave 1) with 71,431 enrollees consisting of rescue or
recovery workers, Lower Manhattan residents, area workers,
passers-by, and students or school staff. With the exception
of enrollees who died or withdrew from the Registry, the
entire adult cohort of the Registry was invited to participate
in the Waves 2 and 3 surveys in 2006–2007 and again in
2011–2012. A more detailed description of the WTC Health
Registry is provided elsewhere [Farfel et al., 2008; Brackbill
et al., 2009]. The US Centers for Disease Control and
Prevention and the NewYork City Department of Health and
Mental Hygiene institutional review boards approved the
Registry protocol, including use of the data.
This study focused on premature labor force exit as of
Wave 3, and was limited to non-uniformed rescue and
recovery workers consisting of volunteers, construction and
utility company workers, staff from health care, finance,
building management, and environmental services who
participated in the WTC rescue, recovery, and clean-up
operation, who had completedWaves 1, 2, and 3, who had not
yet retired at Wave 2, and were under 60 years old at Wave 3
(n¼ 7,662). Since early retirement and health-related job loss
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are distinct pathways of premature labor force exit in this
study, we excluded those who reported health-related job loss
at Wave 3 from the early retirement analysis (n¼ 297), and
similarly excluded those who reported early retirement at
Wave 3 from the health-related job loss analysis (n¼ 291). In
total, there were 50 workers who reported both early
retirement and health-related job loss. The final study sample
for early retirement analysis was 7,365, and the final sample
for health-related job loss analysis was 7,112.
Measures
Outcome measures: Early retirement
and health-related job loss
In both Waves 2 and 3, enrollees were asked about their
current employment status including type of employment
(such as full-time vs. part-time, self-employed, homemaker),
retirement, and health-related unemployment, with no
specific time given for the occurrence.
We focused on two labor force exit pathways, early
retirement and health-related job loss, that could have
occurred between Waves 2 and 3. First, we assessed the
association between poor health and early retirement, defined
as having retired before reaching age 60 as of Wave 3; and
second, between poor health and health-related job loss,
defined as being unable to work due to poor health before
reaching age 60 as ofWave 3.We restricted these analyses to
enrollees who were employed at Wave 2 and who reported
retirement or health-related job loss between Waves 2 and 3,
in order to be reasonably certain that the health conditions
preceded exit from the labor force and to exclude those
marginally employable due to earlier health problems.
Health measures at wave 2: Chronic
health conditions and their comorbidity
with PTSD
At Wave 2, enrollees were asked whether they had ever
been told by a doctor that they had any of more than a dozen
listed health conditions. Chronic health conditions selected
for this study included heart disease (angina, heart attack, or
other heart disease), diabetes, depression, anxiety, lung
disease (chronic bronchitis, emphysema, reactive airway
disease, sarcoidosis, or other lung diseases), and asthma, all
of which have been reported to be elevated among 9/11
exposed individuals [Stellman et al., 2008; Jordan et al.,
2011a,b; Caramanica et al., 2014; Miller-Archie et al., 2014;
Jordan et al., 2015]. Probable PTSD was also assessed at
Wave 2 using a 9/11 specific PTSD Checklist-Civilian
Version (PCL-17). As in prior published Registry analyses,
enrollees with a cut-off score of 44 or greater were
considered to have probable PTSD [Brackbill et al., 2009].
Comorbidity of chronic conditions and PTSD was defined as
co-occurrence of any of these six types of self-reported
diagnosed chronic conditions and probable PTSD.
The number of chronic health conditions, with and
without PTSD, was included in the analytical models as the
predictor of premature labor force exit.
Socioeconomic characteristics and other
covariates
Socioeconomic characteristics, including sex, race,
household income, education, and marital status collected
fromWave 1 or 2, were included in the analysis for both early
retirement and health-related job loss. Age was not assessed
because we restricted the study sample to those who were
younger than 60 years old, and the number of early
retirements under the age of 40 was very low.
We also included a quantitative 9/11 exposure measure
that was previously found to be associated with PTSD in a
dose-related manner [Brackbill et al., 2009]. This measure,
which has been described in detail [Caramanica et al., 2014],
is a 12-item summary measure that combines information
from both Waves 1 and 2, including exposure to dust cloud,
injury, witnessing horror, bereavement, and home evacua-
tion. A score of zero or one was categorized as low/no
exposure, 2–3 as medium, 4–5 as high, and six or greater as
very high.
Statistical Analyses
Separate logistic regression models were used to
examine associations between 9/11-related poor health and
the two premature labor force exit outcomes: early retirement
and health-related job loss. Socioeconomic characteristics
and other covariates were controlled in the logistic regression
models. The correlation of selected chronic conditions and
self-assessed health was tested but not shown in the Results.
Income changes since 9/11 and how the changes were
associated with health status were estimated for rescue and
recovery workers who had retired early or who had health-
related job loss during Waves 2 and 3. We hypothesize that
9/11-related chronic conditions and their comorbidity with
PTSD may have been associated with both higher likelihood
of income drop and increased involuntary labor force exit for
rescue and recovery workers. Analyses were conducted in
SAS version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Early Retirement, Chronic Health
Conditions, and PTSD Comorbidity
Among 7,365 rescue and recovery workers who had not
retired at Wave 2, 241 (3.3%) reported having retired
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between Waves 2 and 3 before they reached the age of 60
(Table I).
Four sociodemographic characteristics of the rescue and
recovery workers were significantly associated with early
retirement: race, 2002 household income, education, and
marital status. Non-Hispanic black workers showed higher
odds of reporting early retirement than non-Hispanic white
workers. The odds of reporting early retirement increased
significantly by 2.7 (95%CI: 1.2–6.2), 4.5 (95%CI: 2.0–10.0),
and 5.6 (95%CI: 2.3–13.8) times for individuals from the three
high income groups ($50,000–$75,000, $75,000–$150,000,
and above $150,000) as compared to those with household
income lower than $25,000. On the contrary, the odds of
retiring before reaching the age of 60 dropped by 40%
(AOR¼ 0.6, 95%CI: 0.4–0.8) and 70% (AOR¼ 0.3, 95%CI:
0.2–0.6), respectively, for those with a college or post-
graduate degree compared to those with high school and
below education. Being divorced or separated increased the
odds of early retirement by 1.7 (95%CI: 1.2–2.6) relative to
those staying married or living with a partner.
As shown in Table I, having two of the six chronic
conditions without PTSD was significantly associated with
higher odds of experiencing early retirement relative to those
with no chronic conditions or PTSD (AOR¼ 1.9, 95%CI:
1.2–2.9). The odds of early retirement did not increase
significantly for those with three or more conditions without
PTSD, thosewith PTSD alone, or those with PTSD comorbid
with one other condition, probably because of small numbers
of cases in these categories.
PTSD comorbid with two or more other chronic
conditions was associated with greater likelihood of early
retirement. For example, the odds of reporting early
retirement for those with two conditions without PTSD, as
compared to workers with none of the selected conditions at
all, was 1.9 (95%CI: 1.2–2.9) and was increased to 2.4 with
addition of PTSD (95%CI: 1.3–4.2). Similarly, for those with
three or more conditions, the odds of early retirement grew
from 1.3 (not significant) to 2.1 (95%CI: 1.2–3.9) with
addition of PTSD, as compared to those without any of the
selected conditions.
Health-Related Job Loss, Chronic Health
Conditions, and PTSD Comorbidity
Of the 7,112 rescue and recovery workers with complete
job loss data, 247 (3.5%) reported health-related job loss at
Wave 3 (Table II).
In contrast to early retirement, there was an inverse
association between health-related job loss and household
income. More specifically, when household income
exceeded $75,000, the odds of health-related job loss
were reduced by more than half as compared to those
having household income below $25,000 (AOR¼ 0.4, 95%
CI: 0.2–0.6), suggesting that the financially disadvantaged
groups were more likely to experience health-related job
loss. Those with a post-graduate education were less likely
to experience health-related job loss than those with high
school education or below (AOR¼ 0.5, 95%CI: 0.3–0.8).
In addition, the odds of health-related job loss for workers
with very high exposure during 9/11 doubled as compared
to those with no or low exposure, even after controlling for
other variables including health conditions (AOR¼ 2.0,
95%CI: 1.2–3.2).
Among those with three or more chronic illnesses, the
odds of health-related job loss were three times higher than
those with no selected health condition (AOR¼ 3.2, 95%CI:
1.6–6.5).When chronic illness was comorbid with PTSD, the
odds of experiencing job loss was greater. For example,
workers with PTSD comorbid with three or more other
conditions were more than 10 times more likely to
experience health-related job loss than those with none
of the selected health conditions (AOR¼ 10.7, 95%CI:
6.7–17.2). In addition, even PTSD alone (with no other
major comorbid condition) could almost triple workers’
likelihood of having health-related job loss (AOR¼ 2.6,
95%CI: 1.4–5.1).
Health Conditions and Income Drop
Post-Labor Force Exit
Household income was asked in both Waves 1 and 3,
and was measured in five categories, from below $25,000,
$25,000–$50,000, $50,000–$75,000, $75,000–$150,000, to
above $150,000. Income drop in this analysis was defined as
a change in income from a higher category in 2002 to a lower
category in 2010. On average, 18.6% of Registry enrollees
experienced one or more categories of income drop from
2002 to 2010. Among rescue and recovery workers who
retired early between Waves 2 and 3, the percentage was
higher, ranged from 35.1% to 51.0%, depending on their
health status at Wave 2 (Fig. 1). For those without PTSD and
did not have any of the six major chronic conditions and
those who had at least one of these conditions, the
percentages with income category drop were more similar
(35.1% vs. 39.8%). However, for early retirees who had
PTSD in addition to at least one other condition, the
percentage with income category drop increased remarkably
to 51.0%.
Among workers who experienced health-related job loss
between Waves 2 and 3, having at least one of the six major
chronic conditions but without PTSD was associated with
higher percentage of income category drop (43.8%), as
compared to those without any major health condition
(25.6%). Furthermore, among those with PTSD comorbid
with other conditions, more than half of them experienced
income category drop (51.6%).
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TABLE I. Early Retirement, Chronic Conditions and PTSD Comorbidity, and Other Characteristics Among 7,365 Rescue and RecoveryWorkers
Retired early
No (N, %) Yes (N, %) Likelihood of early retirement
7,124 96.7 241 3.3 AORa 95%CIb
Sex
Female 2,097 97.5 53 2.5
Male 5,027 96.4 188 3.6 1.2 0.8, 1.7
Race
Non-Hispanic white 5,336 96.8 179 3.2 Reference
Non-Hispanic black 461 93.9 30 6.1 2.2 1.4, 3.4
Hispanic 862 97.4 23 2.6 1.0 0.6, 1.6
Asian 229 98.3 4 1.7 0.5 0.2, 1.7
Other-multi-racial 236 97.9 5 2.1 1.0 0.4, 2.4
Total household Income in 2002, $
<25,000 581 98.8 7 1.2 Reference
25,000 50,000 1,365 98.6 19 1.4 1.0 0.4, 2.5
50,000 75,000 1,581 96.8 52 3.2 2.7 1.2, 6.2
75,000150,000 2,563 95.5 120 4.5 4.5 2.0, 10.0
3150,000 547 95.8 24 4.2 5.6 2.3, 13.8
Education
High school and below 1,699 95.6 79 4.4 Reference
College 3,986 96.8 130 3.2 0.6 0.4, 0.8
Post-graduate 1,404 97.8 31 2.2 0.3 0.2, 0.6
Marital status
Married or living with partner 5,059 96.6 176 3.4 Reference
Divorced or separated 752 95.1 39 4.9 1.7 1.2, 2.6
Widowed 42 93.3 3 6.7 2.2 0.5, 9.7
Never married 1,222 98.3 21 1.7 0.7 0.4, 1.2
Disaster exposure
Low/none 2,243 96.7 76 3.3
Medium 2,958 96.6 103 3.4 0.8 0.6, 1.1
High 1,322 96.7 45 3.3 0.8 0.5, 1.2
Very high 601 97.2 17 2.8 0.7 0.4, 1.3
Number of chronic conditionsc without PTSD
0 3,187 97.3 88 2.7 Reference
1 1,447 96.7 50 3.3 1.3 0.9, 1.9
2 717 95.9 31 4.1 1.9 1.2, 2.9
33 293 96.7 10 3.3 1.3 0.6, 2.7
Number of chronic conditionsc with PTSD
0 323 97.0 10 3.0 1.3 0.6, 2.5
1 300 95.8 13 4.2 1.6 0.9, 3.0
2 317 95.2 16 4.8 2.4 1.3, 4.2
3 3 353 95.4 17 4.6 2.1 1.2, 3.9
P< 0.05; P< 0.01; P< 0.0001.
aAOR: adjusted odds ratio andwas adjusted for all factors listed in this table.
b95%CI: 95% confidence interval.
cChronic health conditions include heart diseases, diabetes, depression, anxiety, lung diseases, and asthma.
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TABLE II. Health-Related Job Loss, Chronic Conditions and PTSD Comorbidity, and Other Characteristics Among 7,112 Rescue and Recovery
Workers
Health-related job loss
No (N, %) Yes (N, %)
Likelihood of health-related job
loss
6,865 96.5 247 3.5 AORa 95%CIb
Sex
Female 2,017 96.8 66 3.2 Reference
Male 4,848 96.4 181 3.6 1.2 0.9, 1.7
Race
Non-Hispanic white 5,159 97.2 150 2.8 Reference
Non-Hispanic black 443 95.1 23 4.9 1.4 0.8, 2.4
Hispanic 817 92.7 64 7.3 1.4 1.0, 2.0
Asian 226 98.7 3 1.3 0.3 0.1, 1.1
Other-multi-racial 220 96.9 7 3.1 1.0 0.4, 2.5
Total household Income in 2002, $
<25,000 520 92.0 45 8.0 Reference
25,000 50,000 1,306 95.6 60 4.4 0.6 0.4, 0.9
50,000 75,000 1,534 96.4 57 3.6 0.5 0.3, 0.8
75,000150,000 2,500 97.8 57 2.2 0.4 0.2, 0.6
3150,000 533 98 11 2.0 0.4 0.2, 0.8
Education
High school and below 1,604 94.5 93 5.5 Reference
College 3,854 96.8 127 3.2 0.8 0.6, 1.2
Post-graduate 1,373 98.2 25 1.8 0.5 0.3, 0.8
Marital status
Married or living with partner 4,898 97.0 153 3.0 Reference
Divorced or separated 705 94.3 43 5.7 1.0 0.6, 1.5
Widowed 38 95.0 2 5.0 0.6 0.1, 4.7
Never married 1,178 96.4 44 3.6 0.8 0.5, 1.1
Disaster exposure
Low/none 2,199 98.0 44 2 Reference
Medium 2,861 97.0 89 3 1.1 0.7, 1.6
High 1,253 95.5 59 4.5 1.2 0.8, 1.9
Very high 552 90.9 55 9.1 2.0 1.2, 3.2
Number of chronic conditionsc without PTSD
0 3,149 98.6 45 1.4 Reference
1 1,420 98.2 26 1.8 1.4 0.8, 2.3
2 697 98.2 13 1.8 1.6 0.8, 3.0
33 272 96.1 11 3.9 3.2 1.6, 6.5
Number of chronic conditionsc with PTSD
0 311 96.0 13 4.0 2.6 1.4, 5.1
1 284 91.9 25 8.1 5.4 3.2, 9.3
2 288 86.0 47 14.0 8.6 5.3, 14.0
33 269 83.8 52 16.2 10.7 6.7, 17.2
P< 0.05; P< 0.01; P< 0.0001.
aAOR: adjusted odds ratio andwas adjusted for all factors listed in this table.
b95%CI: 95% confidence interval.
cChronic health conditions include heart diseases, diabetes, depression, anxiety, lung diseases, and asthma.
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DISCUSSION
In contrast to the focus on its health and environmental
outcomes, the impact of the 9/11 disaster on premature labor
force exit has rarely been studied until now. This paper
examined employment adjustment up to 10 years after the
disaster for non-uniformed rescue and recovery workers. We
found that both early retirement and health-related job loss
that occurred between 5 and 10 years after the disaster were
positively associated with 9/11-related chronic health
conditions, and the association was even stronger when
these chronic conditions were comorbid with probable
PTSD.
Between 2006/2007 and 2011/2012, that is between
5 and 10 years after the disaster, about 7% of the non-
uniformed rescue and recovery workers in the WTC Health
Registry left employment prematurely (3.3% via early
retirement and 3.5% via health-related job loss, Tables I
and II). Workers who endured the most serious 9/11-related
health burden were those who retired early before reaching
the age of 60, and were also most likely to be unemployed
because of health reasons. Furthermore, when their health
conditions were comorbid with 9/11-related probable
PTSD, the chances of these workers experiencing early
retirement as much as doubled, and the odds of health-
related job loss increased as much as over tenfold, as
compared to the workers with no major chronic condition
or probable PTSD.
Large scale disasters often cause traumatic stress on
people exposed [Caramanica et al., 2015]. In the case of the
9/11 attack in NYC, numerous studies have shown that
probable PTSD has persisted many years after the disaster
[Brackbill et al., 2009; Pietrzak et al., 2014; Cone et al., 2015;
Maslow et al., 2015], and a number of 9/11-related chronic
conditions or substance abuse were all strongly correlated
with PTSD or co-existed with PTSD [Perlman et al., 2011;
Nair et al., 2012; Friedman et al., 2013; Jordan et al., 2013;
Caramanica et al., 2014; Welch et al., 2015]. Studies that
have assessed the association between poor health and
premature labor force exit have rarely noted the influence of
comorbid mental and physical health conditions on
employment status [Dwyer and Mitchell, 1999; Mein
et al., 2000; Karpansalo et al., 2004; Schuring et al., 2007;
Alavinia and Burdorf, 2008; Jokela et al., 2010; Pit et al.,
2010; van den Berg et al., 2010; Rice et al., 2011; Olesen
et al., 2012; Lindbohm et al., 2014; van Rijn et al., 2014]. Of
these the only study that found comorbid mental health as a
risk factor for early retirement was a study of a small number
of cancer patients from four hospitals in Germany [Singer
et al., 2014]. In assessing long-term impact of disaster on
employment adjustment, our study demonstrated the
significant effect of mental health, and emphasized the
need of involving disaster triggered mental and physical
health comorbidity in future analyses.
We hypothesize based on our results that there are two
pathways to exiting labor force for rescue and recovery
workers, early retirement and health-related job loss. The
decision to retire or retire early is complicated and often
influenced by not only health status but also leisure interests
[Shultz et al., 1998; Ferrie et al., 2014]. Some may
voluntarily retire early for leisure where good health and/
or adequate finance could lead to early retirement [Shultz
et al., 1998; De Wind et al., 2013; Robroek et al., 2013].
Others, such as rescue and recovery workers in our study
might have retired, voluntarily or involuntarily, due to ill
health, where high income or adequate financial resources
would have allowed them to retire early anyway. This
hypothesis was supported by the positive relationship
between poor health and early retirement, and between
income and early retirement in our findings, and is
consistent with other earlier studies [Mein et al., 2000;
Singer et al., 2014]. On the other hand, our study showed that
FIGURE1. Percentage of those with income drop between years 2002 and 2010 by chronic health condition (including heart
disease, diabetes, depression, anxiety, lung disease, and asthma): among two rescue and recovery worker subgroups.
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someworkers would try to stay in labor force until eventually
being forced out due to deteriorating health. These workers
eventually left their jobs involuntarily because their low
income or education levels and poor health were not
successful in maintaining work. This finding was also in line
with other research on the socioeconomic inequalities of
health, which suggested individuals with lower socioeco-
nomic status were usually at higher risk of involuntary labor
force exit [McDonough and Amick, 2001; Robroek et al.,
2015].
Our study further examined the interwoven relationship
of income loss and poor health for those who underwent
premature labor force exit. Although it is not surprising to
observe income loss after leaving the labor force, our results
illustrated that, the least healthy individuals were most likely
to experience income drop over years. This was true for both
early retirement and job loss especially among those who
suffered comorbidity of PTSD and other chronic conditions,
despite the fact that people selected into early retirement
were those with relatively more financial resources than
those leaving job due to health. We conjecture that the
relatively healthier workers may be more likely to offset
income loss by taking income generating work after leaving
the labor force, as compared to those suffering comorbidity
of PTSD and other chronic conditions. High health care
expenditures are also expected to reduce net worth of those
with comorbidity more than for those with no disease [Kim
et al., 2015], although we do not have data on net wealth to
explore in this aspect. Our findings suggest that once workers
with comorbidity of PTSD and other chronic conditions
exited the labor force, their long-term and overall well-being
may have been continuously compromised through the
co-occurrence of poor health and gradual income reduction,
even though some of the early retirees might have enjoyed
relatively high income before.
The two potential pathways of premature labor force
exit identified in our study, early retirement and health-
related job loss, do not necessarily apply to uniformed
rescue and recovery workers (majority of whom were first
responders of the disaster, e.g., those from FDNY or
NYPD), a group not included in this analysis. Although
uniformed workers experienced documented 9/11-related
ill health, they have retirement pension options unavailable
to non-uniformed workers that likely influences their
decision on whether or not to retire and when to retire. It is
also unlikely that uniformed workers would leave the labor
force by job loss. Also, the financial impact of retirement
for uniform workers is frequently offset by generous
pension packages, as well as retirement at a relatively
young age, giving them the opportunity for income
generating work post-retirement. Thus, the complicated
nature of retirement and the potential financial impact for
uniformed workers are beyond the scope of this analysis
and are worthy of a separate in-depth study.
This study focused on how disaster-related poor health
was associated with subsequent labor force exit, and how
socioeconomic status played a role in the process. Although
accidental disability retirements have been attributed to
WTC-related illnesses and injuries among FDNY firefighters
[Niles et al., 2011], early retirement and job loss observed in
this study cannot be attributed solely to 9/11 exposures or
subsequent 9/11-related impaired health due to lack of a
comparison group of rescue and recovery workers who have
job-related occupational risks independent of 9/11 expo-
sures. Future studies may address this limitation by
collecting more information on occupational exposures
and other non-9/11-related health risk factors. A further
limitation is that we did not have information on the exact
dates of retirement or job loss; the temporal relationship
between poor health and labor force outcomes was
established by using the health data collected in
2006–2007 from the Wave 2 survey, and by limiting labor
force exits to those occurred after the Wave 2 survey data
collection and before the Wave 3 survey, that is, between
2006/2007 and 2011/2012. Use of broad categories of
reported income limited assessment of income drop to fairly
large changes between categories, overlooking smaller
income losses within the same category. Therefore, the
relationship between income drop and health condition
reported in this study applies to those with fairly substantial
income loss during 2002 and 2010, and is likely to
underestimate the extent of income loss in the overall
population. Overtime compensation associated with work at
the WTC sites in the year after 9/11 in addition to overtime
compensation in the years before retirement can also reduce
any measure of income drop. Our analyses could not control
for this factor due to lack of data, but we think overtime
would be a more serious confounding element for uniformed
workers than non-uniformed workers.
Among over 30,000 rescue and recovery workers in the
WTC Health Registry cohort, 90% were still under the
conventional retirement age of 65 as of 2012, about 10 years
after the disaster. Assessment of employment status change
over time for such a large group should become an important
component of further research on the overall impact of the
9/11 disaster. Furthermore, this analysis focused on non-
uniformed rescue and recovery workers, a vulnerable but
generally understudied group mainly consisting of volun-
teers, construction and utility company workers, staff from
health care, finance, building management, and environmen-
tal services, who were not regularly trained for emergency
service, and who were not eligible for variety of retirement
options at a relatively young age. As we found here, disasters
tend to have a large ripple effect on their overall well-being
through health, employment, and earnings. Future evaluation
of disaster impact should extend beyond the direct and short-
term health consequences and include its long-term impact
on labor force as well.
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